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PROGRAM FOR CALCULATION OF NEUTRON AGES 

FROM EXPERIMENTAL ACTIVATION DATA 

by Thor T. Semler 

Lewis Research Center 

SUMMARY 

A program for the computation of neutron ages from experimental activation data is 
described. The quadrature schemes and error  analyses are detailed along with some 
curve-fitting techniques. A "best-fit" derived from statistical decision theory is de- 
scribed. 

INTRO DU CTl ON 

One important parameter found in the critical equation (eq. (1)) of age-diffusion 
theory is the neutron age T (ref. 1): 

2 
Ke'B = 1  

2 2  l+B 9' 

where K is the multiplication factor, B2 the buckling, and 9' the diffusim length. The 
neutron age 7 is related to  the mean-square distance traveled by a neutron from its 
point of generation to  its point of thermalization (ref. 1) 

where Ei is the initial energy of the neutron and E is some lower energy generally in 
the thermal region. - 

Inasmuch as the value of r2 is impossible to measure directly, the saturated activ- 
ity As(R), which is directly proportional to the neutron flux distribution q(E, R) is mea- 



- 
sured by foil activation methods. The value of r2 may then be obtained by familiar 
averaging techniques; that is, 

and the neutron age may be obtained from equation (2). 
The aforementioned set of integrations or averaging process, when done by hand, re-  

sults in a neutron age subject to  e r ro r s  introduced by the individual calculating this age. 
In fact, the error introduced by hand quadrature might be as large as several square 
centimeters. Another problem associated with hand calculation is the assessment of the 
e r ror  in the age, that is, the sum of the experimental and calculational errors .  

The ELL1 code has been written to  reduce the time necessary to  calculate a neutron 
age and to provide a definite schema of procedural choices. It thus allows convenient 
comparison of several fitting and er ror  analysis procedures. 

and various approaches to  the e r ro r  assessment a r e  presented. 
In the analysis, the problem is defined, the numerical methods used are explained, 

SYMBOLS 

saturated activity, counts/min 

buckling, cm-2 

cofactor array of 1 1  crs I I 
coefficient array of normal equations of weighted least-squares curve fit 

determinant of array I I crs I I (see eq. (27)) 

breakpoint between region I and exponential region (fig. l), cm 

lower energy of neutron, eV 

initial energy of neutron, eV 

F test ratio 

polynomial order 

panel width of trapezoidal integration, cm 



average panel width, cm 

multiplicaticin factor 

order of approximating polynomial 

sum of ARi (see eq. (20)), cm 

evaluated by equation (21) 

number of tabular values 

degree d polpnomid 

proportianality constant 

slowing down density, neutrms/cm3. sec 

distance from source, cm 

Ri corresponding to  minimum value of Di 

mean-square distance traveled by a neutrm, cm 

e s t i m a t e d  2 
weighting function a ~ [  Y(R) 

ifh value approximating polynomial 

index number d breakpoint 

residualof Ri 

e r ro r  estimate 

macroscopic absorption cross section at indium, cm-l 

2 

variance of curve f i t  

neutronage, cm 

neutron flux distribution, neutrons/cm 

2 

2 

PROBLEM ANALYSIS 

The Fermi age is related to the second moment d the slowing down density q(R, E) 
by equation (2). Experimentally, however, the flux age is measured by finding the spa- 
cial distribution d neutrons at a specific energy. For example, the activity, if satura- 
tion is assumed, d a cadmium-covered indium foil at a distance R from the source is 
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Since the value of the activation of the indium foil is nearly zero at all energies ex- I 

cept that of the indium resonance, 1.44 electron volts, the flux age for the indium reso- 
nance neutrons, can be expressed as 

in spherical coordinates. This equation is then evaluated by the ELL1 code. The methods 
by which these integrals are  evaluated are outlined in the Numerical Analysis section. 
The calculation of the e r rors  associated with these methods is shown in the Error  Analy- 
sis section. 

N u me r ica I An a I ysi s 

For the purpose of integration, the experimentally determined activation times dis- 
tance squared curve shown in figure 1 is separated into two portions. The shape of 
curve I has not been analytically determined, whereas curve 11 is assumed to be exponen- 

entia1 (ref. 2). The breakpoint or  division 
between curves I and II may be determined 
by the program or the experimenter. If the 

,Curve I1 program option is selected, the derivatives 
of As(R)R 
lated by a difference method: 

2 with respect to  R are calcu- 

d A  (R)R 

' d F t  

0 U 

cu- [ = Di[As(R)R2] 

R, cm 

Figure 1. - Representative curve of distance squared times saturated 
activity against distance, with division point shown. 

Ri+l - Ri 
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'The value af Ri corresponding to the minimum value of the differences, that is, the 
largest negative value of Di, is chosen as the breakpoint between curve I and the expo- 
nential region. If this specific value R6 is not suitable, the breakpoint value can be 
chosen by the experimenter as in option 4 (see appendix). 

Curve I is then integrated in any d several fashions that are left as options in the 
code. The f i r s t  option available for the integration of curve I is the trapezoidal integra- 
tion. This option should be used if many finely spaced points are to the left af the division 
point R6. The symbolic rule used for integration is 

i=6 , 

J O  

J O  

The contributions to the integrals are printed out, point by point, for this option. Sample 
computer output and a listing of the program are shown in the appendix. 

This option also allows the specification of the significance of the fit; that is, a certain 
confidence level for the polynomial f i t  may be inserted as program input. The program 
f i r s t  attempts a quadratic f i t  to the curve I data, and then, if the confidence level crite- 
rion is not fulfilled, the program uses a cubic fit .  This process is repeated, with the de- 
gree of the polynomial raised after each step, until the significance criterion is satisfied 
or until one d two other terminating conditions is found to exist. The two other termi- 
nating conditions are when (1) a tenth-degree polynomial is reached or when (2) the de- 
gree d the polynomial reaches one less thau the number of points to be fitted. When 
either terminating condition is obtained, the appropriate action is taken. E condition (1) 
exists, the tenth-degree polynomial is integrated analytically; if condition (2) exists, the 
(n-1) polynomial is likewise integrated. The test of significance is computed by a 
method following that d reference 3. First s2, the estimate d the variance for the 
curve f i t  a2, is computed: 

The second option available is a least-squares polynomial curve fitted to the data. 

th 
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i=6 e 

n - k - 1  

If the estimate of the variance computed for  the ah order polynomial by o2 is denoted, 
then the test fo r  significance at the Jh confidence level, or probability d rejection, is 
found to be I 

g 

where F is the "well-known" F ratio of statistical analysis. If the change in 

variance is not significant at the specified level, the g polynomial is accepted and inte- 
grated by analytic means over the range from zero to  R6. That is, if the probability 
level chosen is 0. 500 and the probability that a cubic fit is better than a parabolic is only 
0.400, the parabolic is accepted and integrated analytically. 

The third option available is an averaged parabolic f i t  similar to  that of reference 4. 
This option fits one parabola to  the first three and another to  the last three of four suc- 
cessive points. The coefficients thus generated are averaged and the curve is integrated 
in the overlapping region as shown in figure 2. In th i s  option, the integration is done in 
small portions; for example, in figure 2 the integration would be from R2 to  R3: 

( V p  vz) 
th 

6 6 

This option produces a considerably better approximation to  the integral than with the 
trapezoidal option inasmuch as curvature is allowed between points. 

exponential approximation. The As(Ri)Ri values are transformed logarithmically by 
The exponential region of the curve, curve 11, is'fitted by a weighted least-squares 

2 
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. 
Points 
Used 

Z3, and 4 1 - A ~ R ) R ~  - + blR + %R2 

A,(R)R2 = a. + alR + a# 1,Z and 3 I--- 

/' 
/ 

/ L 1 R, cm 

Figure 2. - illustration Of O!JtiOn 3 

Finally, the variables a. and al 
dinates by the transformation 

The approximation 

and t 
J xi = Ri 

Normalized weights are assigned p r o p o r t i d  
to the inverse of the square of the standard devia- 
tion or variance as determined by the counting sta- 
tistics of a data point. Then a weighted least- 
squares linear f i t  is made to obtain the coefficients 
a. and al, suchthat 

cy 

y i = y i = a x  l i  +ao 

and subject to the condition that the weighted sum 
of the residuals squared S is minimized: 

N N 
s = Wi(@ = wi(yi - $2 (14) 

i=tip P i 4  

are transformed back from the semilogarithmic coor- 

P 

of curve II is integrated analytically from R6 to 0 0 .  The contribution to the integrals 
CY and f3 appear in the output from the program. Option 4 allows the value of 6 to be 
specified as part of the program input. 
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Error Analysis 

The remaining options of the ELLI code provide 
integration options. 

for e r ror  estimation of the various 

The error  estimate t1 of a trapezoidal integration is given by (ref. 5 )  

where h is the panel width of the trapezoidal integration. Option 5 of ELLI uses h, the 
average panel width, instead of h and the derivatives of a parabolic fit to the data in the 
range (0, R6) for the value of d/dR[As(Ra)Ri]. The fractional e r rors  O1 and O2 of the 
two integrals (eqs. (7) and (8)) are then combined over the range (0,R6) while indepen- 

dence by the relation 8 = 4- is assumed. This allows a fractional e r ror  to be as- 
signed to the integration of curve I by the trapezoidal rule. 

g 
Option 6 assigns an error  to the integration of option 2, which is an integration of a 

degree polynomial fit. The e r ror  bound may be expressed as (ref. 6) th 

where 

and W(R) is the weighting function of F(R). A s  the weighting function is relatively con- 

stant over curve I, a value of 1 shall be assigned to W(Ri), and dRa W(R)dR shall be 

replaced by 
i=6 

i= 1 
ARi = L. Upon substitution, the following is obtained: 

M L ~ + ~  

2 q g  + l)! 
It21 
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h order to obtain an approximation 
dah, and the (g + 1)th derivative is 

ab M, a (g + 2)th degree polynomial is fit ted to the 
taken and evaluated at R6: 

For buth integrals E 2  is then computed, and afractional error is assigned to the integra- 
tion ab curve I in the same manner as in optian 5. 

Option 7 is again an error assignment - in this case, to the option 3 integration af 
curve I. The error is given (ref. 5, p. 385) by 

because option 7 is simiZar to  an unequally spaced Simpsods integration. Again, h is 
approximated by x, As(R)R2 is approximated Over the interval (0, R6) by a fourth degree 
polynomial y(R), and the third derivative d this approximating polynomial is evaluated 
at R6. The fractional error assocued with the two integrations Over curve I is printed 
as in the previous o#ions. 

is calculated. This error calculation is described separately because it is computed in 
the same manner in options 5 to 7. 

Reference 6 (pp. 261 to 269) shows that the error associated with the coefficients ab 
a weighted polynomial appraximation to  tabular data may be represented by 

Finally, the error associated with the integration d the exponential portion, curve II, 

For the case in question (see eq. (14)), the error formulae reduce to 



where 

D = [CW(Ri)] [ICW(Ri)R:] - [CW(Ri)RiI2 (26) 

and the summation runs from 6 to  the number of data points. Hence, if the transforma- 

tion p = al and a! = $' is used, to  gain the exponential apprmimation, the e r ro r s  
transform as bp = 6al and ba! = a b a  
analytic integrations as standard errors .  

These e r ro r s  are then propagated through the 0' 

CONCLUDING REMARKS 

The ELL1 code has been operative at Lewis for appraximately 1 year. Experience 
gained by the operation of the program throughout this period has shown that all options 
are used about equally. The particular option chosen is to some degree dependent on the 
data and its quality. In general, the ages obtained through the use of the first three op- 
tions vary by only a few tenths of a square centimeter. If the variance of these ages is 
much larger, more data are probably necessary. 

istically d the order d hundredths of a minute. 
Operation times for this code executed on the Lewis 7094-II computer are character- 

Lewis Research Center, 
National Aeronautics and Space Administration, 

Cleveland, Ohio, May 10, 1966. 
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APPENDIX - INPUT TO ELL1 

CARD1 FORMAT (AS) 

bbbbbb in first sb columns (if not blank a program description is output) 

CARD2 FORMAT(7Il) 

Card columns 1-7 0 in column n if nth option to be skipped; 1 if nth option to 
be used. Options 5, 6, and 7 may be used only if the corre- 
sponding option 1, 2, or 3 has been used. 

CARD 3 FORMAT (A6, 4X, A6, 4X, 8A6) 

Card columns 1-6 ASbbbb E activations are to be read. 
2 ASR** 2 H activations times R are to be read. 

Card columns 11-16 bbbbbb If data are in centimeters. 
INCBbb If data are in inches. 

I Card columns 21-68 Label for experiment. 
1 

I 
CARD 4 FORMAT (I8, la, F10.3) 

I C a d  ~ 0 1 u m n ~  1-8 Number of data points 5100. 

Card columns 21-30 Probability level of significance, 0.500 5 p 
50.995; needed only if option 2 is specified. 

I CARD 5 FORMAT (3F 15.4) 

Card columns 1-15 

Card columns 16-30 

Card columns 31-45 

Ri in inches or centimeters according to CARD 3. 

As(Ri) or As(Ri)Rf according to CARD 3. 

gPs(Ri)] or v[As(Ri)Rf] according to CARD 3. I 
I LAST CARD FORMAT (I8) 
i 

E option 4 is chosen. 

Card columns 1-8 6 is index of division point R6. 

For more than one set of data, repeat starting with CARD 2 of INPUT TO ELLI. 
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ELL1 LISTING 

EOUIVALENCE(AZER0rALPHA)r ( T (  1 J r X (  1) 1 t 1 T (  101 J r Y  (1 1 1  r ( T  (201)  r S T D 4  1 J 1 
l r  4 T (  401 1 rDEV( 1) 1 

D I H E N S I O N D E V ~ A 0 0 J ~ S T O ~ l O O ~ r T ~ l ~ O r S ~  t X L 1 0 0 )  r X E 1 1 0 0 ~ ~ Y ( l O O ) t L O G T R (  10 
10 1 r R 2 1 1 0 0  J * DERL f 100) .C 1( 100) r C 2 (  100) rC3 4 100) r 6 L E K l ( 8 3  v L A B E  ( 8 1 t A 1  ( 2 
20)  9 A2( 20) I A(  20 1 *ARB 11 20)  t A R 8 2 (  20) r Y 2  (100) 9 XTEMP( 100) .TEMP( 100 1 * W E  I 
3GH4 100) 

REAL LOGTR 
REAL I N T R Z ,  I N T R 4 r  I N T R P 2 r  I N T R P 4  
INTEGER 
INTEGER 

OPT It OPT29 OPT3r OP T 4 t  OP T 5  I OPT6 
EXPON. ZEROIDA T A K r  A S R S Q t A S  rORD,ORDNrORDPlrOROP2 

OP T 7  

COMMON I V O Z E O  
1000 R E A D ( 5 r  1010) H O W r B L E K r B L E K l  

10 10 f ORMAT 4 A6.4X t A 6 r  4 X  e 8 A 6  1 
1011 F O R M A T ( 7 1 1 )  

10 WRITE ( 6 ~ 2 0 1  
20 FORMAT4 l H 1 ~ 4 5 X r 3 6 H  AGE MEASUREMENT B Y  F O I L  A C T I V A T I O N -  / / l  

1012 R E A D ( 5 r  1011 ) O P T ~ ~ O P T ~ ~ O P T ~ ~ O P T ~ . O P T T ~ O P T ~ ~ O P T ~  

22 00 2 5  J B  = l r l O O  
23 00 24 K B  = lr5 
24 T I J B r K B )  = 0.0 

L O G T R ( J 8 )  0.0 
R 2 ( J B )  = 0-0 
D E R L f J B )  = 0.0 
C 1 I J 8 1  = 0 - 0  
C 2 1 J B I  = 0-0 
C 3 4 J B )  = 0-0 
Y 2 ( J B )  = 0.0 
X T E M P ( J 8 )  = 0.0 
T E M P ( J B 1  = 0-0 

25 WEIGH4JB) = 0 - 0  
26 DO 27 J K  = 1.20 

A l i J K )  = 0.0 
A 2 ( J K )  = 0-0  
A ( J K I  = 0.0 
A R B L ( J K J  = 0.0 > 

27 A R 8 2 t J K )  = 0.0 
35 K L U G  = 0 

10 15 DATA 8L AK. ASRSQ *A S / 0 6 0 6 0 6 0 6 0 6 0 6 0 9  02 1 6 2 S 1 5 4 5 4 0 2  r0216260606060/ 
1016 DATA I N C H / 0 3 1 4 5 2 3 3 0 6 0 6 0 /  v Z f R O / O /  
1020 
1030 C A L L  HOMAGE 
1040 STOP 

I F  f HOW-BLAK 110309 1 0 S O r  1030 

1050 READ( 5 r  1010) D A T A K r L U H r L A 8 E  
1060 I F (  DATAK-ASRSO J 1 O 7 0 r 5 0 r 1 0 7 0  
1070 
1080 WRITE (6.1090) 
1090 FORMAT( 20X.67H DATA FORMAT CARD INCORRECT OR HISPLACED. SHOULD BE 

I F 1  DATAK-AS )1080r 11101 1080 
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1 A S R * * 2  OR AS- J 
1100 STOP 
1110 K L U G  = 1 
1120 GO TO 5 0  

1135 S T D t  I P E R  1 = STD; IPER # * X I  I P E R )  * X (  I PER) 
1140 Y (  I P E R J  = X ( I P E R j * X f  I P E R l * Y ( I P E R )  
1150 GO TO 90 

1130 DO 1140 I P E R  = 1.IDATA 

50 r Z E A D ( S r 6 3 1  IEATArEPSICO*PE 
60 
70 READ( 5.801 

FORMAT 4 18r 2 X r F 1 0 0 3 r F  1013) 
I 4  T (  I K r  JUPIt JUPS1 r 3  1 t I K = l  t I O A T A )  

80 FORHAT( 3Fl5,Q)  
9000 IFIDPf4)31iS1199f0 
9010 READ4 59 9020) IPOL 
9020 FORMAT 4 I 8  1 

8 1 I F (  L U H - I N C H  187.82.87 
82 DO 84 I = lrlOO 
a4 x i 1 1  = x(I)*z,s~ 

C I f  INCHES USED NO ASR**2 CARD 
85 

86 
1160 

87 
90 

9400 
94 LO 

91 
92 
93 

94 
9030 
9040 
9050 

95 

100 
9070 
90 80 
9060 

110 
ll5 
120 

I F (  LUR-1 NCH- EO. ZERO -AND DATAK- ASRSO. E Q I  ZERO) GO TO 86 
GO TO 87 

F O R M A f ( l 8 H  ERROR CONDITlON 41 
STOP 

I HAXI 1 

Y 2 ( I J  = Y ( I J * X ( I 1 * X ( I )  

W R I l E I 6 r  11608 

I F ( K C U G 1  1130990. I130 

W 9410 i = 1.IDATA 

IF4 X4 1 J 1929 100.94 
WRITE4 6.93  1 
F O R H A T ( l 8 H  ERROR C O N D I T I O N  i J  
STOP 
I O A T A  = I O A T A  + 1 
IF~OPT4~9050r9050t9040 
f P O L  = I P O t  + 1 
I D M 2  I D A T A  - 2 
00 95 f = Z E R O r I D M Z  
I P 1  = x + 1 
I A D A P  = I D A T A - [ P I  
I A D A S  = I D A T A  - I  
X 4 I A D A S )  = X ( I A O A Q 1  
Y f X A D A S 1  = Y ( 1 A D A P )  
Y 2 4  I A O A S  J = Y24 I A D A P  1 
STDI  I A D A S )  = S T 0 4  I A D A P J  
Y 2 1 1 1  = 0-0  
X t l t  = 0.0 
Y ( 1 J  = 0.0 
ST04 11 = S T 0 4 2 4  

I Z O R K  = I P O L  
GO 10 2000 
DO 110 I I P  = 2 r I D A T A  
DERL ( I IP  t = 4 Y l  I I P 1-Y t I IP-1)  1 1  I X (  I f PI-X 4 I I P-18 8 
D E R L ( 1 )  = 0.0 
H I N  = 1 

IF (OPT4)9060.9060r9070 
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130 00 150  IZORK = l r I D A T A  
140 I F ~ O E R l ~ M I N ) . G T , D E R L I I Z O R K ~ ) M I N  = I Z O R K  
150 CONTINUE 
160 I P O L  = M I N  

2010 GO TO 3000 

2030 FORHATI 18H ERROR C O N D I T I O N  2 )  
2040 STOP 
2050 O P T 1  = O P T l - 1  

2000 I F ~ O P T l ) 2 0 2 0 r 2 0 1 0 ~ 2 0 5 0  

2020 WR I T E l 6 r  20301 

2051 WRITE ( 6 r 2 0 4 0 1  C A B E  
2060 FORMAT( 5 4 X r 9 H  O P T I O N  I r  1 0 X r 8 H  LABEL = r 8 A 6 / / )  
2070 W R I T f ( 6 r 2 0 8 0 1  
2080 F O R M A T ( 3 5 X r Z H  2 / 1 3 X 1 2 H  R r 1 7 X g 4 H  A H g l i X r 1 4 H  Sra O € V I A T f O N r 9 X r 1 2 H  P 

l A R T I A L  S U M r l O X *  12H P A R T I A L  S U M / 3 3 X r 2 H  S r 3 4 X r 1 4 H  OF I N T E G R A L  l r 8 X 1  
214H OF INTEGRAL 2 )  

2090 S U M l  = 0.0 
2100 SUM2 = O m 0  
2110 SUM1 = t 1 0 0 / 3 0 0 ) * X ~ 2 1 * Y ( 2 1  
2120 SUM2 = ( l o 0 / 3 o O I * Y ( 2 ) * X 1 2 ) t * 3  
2130 W R I T E ( 6 r 2 1 4 0 )  X ( l l r Y ( l l r S T D ( 1 )  
2140 FORMAT I 7x1 2PE15a 7r 4 X  r2PE 15 -7 r  6 X *  2PE 15-71 
2150 WRITE I 6 r  22101 X(  2 1 T Y [  21 S T D ( 2 ) r  SUM1 r S U H 2  

2170 DO 2200 I = 3rIFUD 
2160 I F U D  = IPOL - 1 

2180 S U M l  = S U M l  + 0.5*tY~I)+Y(I-l))*IXtI)-X(I-l~) 
2190 SUM2 = SUM2 + 0.5W 1 Y ( I j * X t  I ) * *2 )  + I  Y 1 I - 1 )  * X t  1-11 *+211*( X ( 11-X ( 1-11 

2200 W R I T E ( 6 r 2 2 1 0 ) X t  I ) r Y (  I ) + S T D ( I  ) rSUMl ,SUM2 
2210 

1)  

FORMAT t 7 X .  2PE 15a7r 4 X  9 2PE 1 5 a I r b X 1  2PE15-7 r 6 X r 2 P E  15-7 r 8 X r  2PE 15-7  1 
2220 SUM1 = S U M l  +O, 5* (  Y I I P O L  1 +Y [ I POL-1 1 )  *[ X i  I P O L  1 - X I  I P O L - 1 ) )  
2230 SUM2 = SUM2 + 0,5*1 i Y ( I POL J *X 4 i POL 8 **2+Y 4 I POL-1 ) *X 4 I POL-1  1 +*2 1 *( X i  

1 I P O L 1 - X (  I P O L - 1 )  1 J 
2240 W R I T E ( 6 q 2 2 5 0 1  X ( I P O L ) r Y ( I P O L ) r S T D ( ~ P O l ~ r S U H 2  
2242 T R A l  = SUM1 
2244 T R A 2  = SUM2 
2250 FORMAT 4 3 X  4H**** p 2PE 15.7 9 4 X  e 2 P E l 5 -  7 9 6 X  r 2  PE 15- 7 r 6  XI 2PE 15-  7 8x1 2 P E  15 

1-79 4H****/ / / )  
2260 ASSIGN 2280 TO ICOM 
2270 GO TO 8000 
2280 SUMl = S U M l  + I N T R P Z  
2290 SUM2 = SUM2 + I N T R P 4  
2300 AGET = SUMZ/46,O*SUHA) 
2310 H R t T E  (6.2320) 
2320 FORMAT( 4 3 X r 3 2 H  E X P O N E N T I A L  R E G I O N  C A l C U L A T I O N S / / 3 5 X r 2 H  2 / 1 3 X 1  

12H R s  17x1 4H A R r l l X r  14H ST- D E V I A T I O N r 8 X ~ L 3 H A P P R O X l M A T  I O N s 7 X v  
216H PERCENTAGE D E V - / 3 3 X * 2 H  SI 

2330 DO 2360 I L L K  = I P O L r I D A T A  

2350 PDEV =( I Y (  I L C K ) - A P R ) / S T D ( I L L K )  )*lOO.O 
2360 WRITE 46r2370)  X t  I L L K ) e Y (  I L L K )  r S T D [  I L L K )  *APRrPOEV 
23 70 

2340 APR = A L P H A * t X P t B E T A * X (  I L C K )  1 

f ORMAT 4 7 X  2PE 15.7 r 4 X  2PE 15, 7 r 6 X r 2PE 15.7 6 X  r 2PElS 7 9 7 X  r 2 P E 1 5  -7  1 
2380 EXLEN = l,O/BETA 
2390 WRITE I 6 9  2400 1 
2400 F O R H A T ( 4 2 X r  38H AGE COMPUTED B Y  T R A P E Z O I D A L  O P T i O N  I S / 4 5 X r 2 P E A 5 r 7 r  

A G E T I  AZEROr  EXLEN, I N T R P 2  r I NTRP4 
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. 1 * 1 1 H S O U A H E  CMSo///2OX, 8H AZERO = t  Z P f 1 5 o 7 t 2 0 X * 2 0 H  R E L A X A T I O N  L E N G  
ZTH = t 2 P E  15,7//15Xt31H I N T E G R A L  1 OVER E X P O N E N T I A L  I S * Z O X *  
331H I N T E G R A L  2 OVER E X P O N E N T I A L  I S / 2 2 X * 2 P E 1 5 o 7  r 3 4 X t Z P E 1 5 - 7 i  

2410 I F ( O P T 5 ) 2 4 2 0 . 2 4 5 0 t Z 4 6 0  
2420 W R I T E 1 6 . 2 4 3 0 )  
2430 FORMAT( 1 8 H  ERROR C O N D I T I O N  3) 
2440 STOP 
2450 GO TO 3000 
2460 O P T 5  O P T 5  - 1 
2470 GO TO 5000 
3000 I f I O P T 2 ~ 3 0 1 0 ~ 3 0 4 0 ~ 3 0 5 0  
3010 W R I T E I 6 * 3 0 2 0 )  
3020 FO!?MAT!lBH ERROR C O N D I T I O N  7 )  
3030 STOP 
3040 GO TO 4000 
3050 OPT2 = O P T 2  - 1 
3060 W R I T E ( 6 t 3 0 7 0 )  L A B E  
3070 FORMAT4 I H L 4 S X 1 3 6 H  AGf MEASUWEHENT B Y  FOIL A C T I V A T X O N a / / 3 4 X t  YH OP 

l T I O N  2 t  10X98H LABEL = t 8 A 6 / / l  
3080 W R I T E (  6 t  30904 
3090 FORMAT(40X.2H 2/20Xt2H R v 1 5 X 1 4 H  A R115X.19H STANDARD D € V I A T I R N ,  

l l 4 X + 1 4 H  A P P R O X I H A T I O N * 7 X *  11H P E R C E N T A G E / 3 8 X t Z H  S I ~ O X I ~ O H  D E V I A T I O N  
2) 

3100 OR0 = 2 
3110 ORDN = 3 
3120 FORD = F L O A T ( O R 0 )  
3130 FORDN = F L O A T l O R D N J  
3140 NN = IF01 
3150 FNN = FLOATfIPOL) 
3160 M3 3400 IBIS = 219 
3170 CALL P O Y F Z ( X I Y I I P O L * O R D * A ~ )  
3180 CALL P O Y f Z ( X + Y t  I P G L t O R D N s A 2 )  
3190 S f G H A l  = 0 - 0  
3200 S I G M A 2  = 0.0 

3220 YAP = A l ( l i  
3230 YORP = A 2 ( 1 )  

3250 YAP = YAP + A L (  I C I S + l ) * X ( I K I S i * * I C I S  
3260 YORP = YORP + A 2 4 I C I S  i l ) * X ( I K I S l * * I C I S  
3270 SIGMA1 = SIGMA1 + ( Y I I K I S I  -YAP)**2 
3280 S I G M A 2  = S I G M A 2  + (Y(IKIS)-YORPI+*Z 

3210 00 3280 IKIS=ltNN 

3240 DO 3260 I C l S  = l r L O  

3290 S I G M A 1  = SIGMA1/(FNN-FORI)- loOl 
3300 SIGMA2 = S!GMA2/4fNN-FORDN-loO) 
3305 IF4 S I G H A l ~ L E ~ O o O ~ O R ~ S I G ~ ~ 2 ~ ~ € o O o O ~ G O  TO H L O  
3310 NEST = NN -0RD 
3320 I F ~ ~ I ~ F N h l - F O R D N ) * S I G n A I - ( F N ~ F ~ D ~ l ~ ~ * S I G M A 2 J / S I G H A 2 ~ o L ~ o f T E S ~ 1 ~ N  

1 E S T . P E I )  Go TO 3410 
3330 IF(NN-ORD-3)3340t3340e3370 
3340 W R I T E 4 6 . 3 3 5 0 )  
3350 F O R M A T ( 2 4 H  T E R M I N A L  CONDO 1 E X I S T S )  
3360 GO TO 3410 
3310 ORD = O R 0  +1 
3380 ORDN = OWON t 1 
3390 FORD = F L O A T I O R D )  
3400 FORON = FLOAT(ORDN1 
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3410 X l  = X l i P O C I  
3420 XTEHP = 1,O 
3430 XTEH2 = X l  * X 1  
3440 I N T R 2  = 0.0 
3450 I N T R 4  = 0.0 
3455 ORDPl = ORD+ 1 

3470 XTEMP = X T E M P * X l  
3480 XTEMZ = XTEM2 * X 1  
3490 I N T R 2  = I N T R 2  + X T E M P * A l l  I ) / F L O A T (  I )  
3500 I N f R 4  = I N T R 4  + XTEMZ * A l ( I j / F C O A T ( I + Z )  
3510 APPRO = 0.0 

3460 00 3500 I = l r O R O P l  

3520 POEV = 0 - 0  
3530 00 3580 I = 1 r I P O L  
3540 00 3560 J = l r  O R O P l  

3548 I f  ( J M l I 3 5 S O r  3550.3555 
3545 J M l  = J-1  

3550 X J T J M l  f 1.0 

3555 X J l J M l  = X(  I ) * * J M l  
3560 APPRO = APPRO + A l I J ) * X J T J M l  
3570 POEV = I I Y f I )  - A P P R O l / S T D t I ) ) * 1 0 0 . 0  

3580 APPRO = 0.0 

GO TO 3560 

3575 WRITE (6 r  3590 1x4  I b r Y 1 f # r S T O (  I 1 r APPROrPD€ V 

3590 
3600 W R I T E ( 6 r 3 6 1 0 )  
3610 FORMAT4 1H 

14x1 1H** 4X 
2 4 X  r 1H*v 4X 

FORMAT( 1 3 X r E 1 5 . 7 r  5X*E15 .7 r  1OX.E 15- 7 r l S X r E 1 5 e 7  r 5 X r 2 P E  15.7) 

r 1H*r 4x1 L H * r 4 X  r l H * r 4 X r l H *  r 4 X r l H * r C X  r 1 H * 1 4 X  r 1 H *  r 4 X  1H*r 
r 1H*r 4X 1 H * r 4 X r  1H* t 4 X  e AH* r 4 X  r l H * r 4 X  r 1H*r 4X 9 1H* r 4 X  e 1H*r 
9 1H* r 4X 4 X  r 1H* r 4 X  r 1 H * v 4 X  r 1H*r 4 X  r 1 H * r 4 X  v 1 H* 1 1H* r 4X r 1H* 

3614 W R I T E ( 6 r 3 6 1 5 )  S i G M A l r P E  
3615 FORMATt 1OXr 17H SIGMA 1 SQUARED =.E150 7 r Z O X r 2 4 H  LEVEL O f  S I G N I F I C A N C  

1 E  = r E 1 0 * 4 )  
3620 ASSIGN 3640 TO I C O H  
3630 GO TO 8000 

3650 H S U l  = INTR2 + I N T R P 2  
3660 HSU2 = I N T R 4  + I N T R P 4  
3670 HAG€ = HSU2/4 6,0*HSUl J 
3680 00 3710 I L L K = l P O L . I D A T A  
3690 APR = ALPHA*EXPfBETA*X(  I L L K J  1 
3700 POEV = ( I Y ( I L C K ) - A P R ) / S T D ( I L L K ) ) * L 0 0 , 0  

3640 U R  I T E  ( 6.2 320 ) 

3710 W R I T E 4 6 . 2 3 7 0 )  X I  I L L K ) r Y ( X l L K l  r S T O I I L L K 1  r A P R r P D E V  
3720 EXLEN = 1 o O I B f T A  
3730 HAG€ ,A ZEROrE XLEN r I N T R P 2  r I N T R P 4  9 DRO 
3740 F O R M A T I 4 Z X r 3 8 H  AGE COMPUTED BY POLYNOMIAL O P T I O N  I S  / / 4 5 X r 2 P € 1 5 , 7 r  

L * l l H S O U A R E  CMS.///ZOKr 8H AZERO = p  Z P E 1 5 o 7 r 2 0 X r 2 0 H  R E L A X A T I O N  L E N G  
2 T H  2 P E l 5 o 7 / / 1 5 X * 3 l H  I N T E G R A L  1 OVER E X P O N E N T I A L  I S r 2 O X 1  
3 3 1 H  I N T E G R A L  2 OVER E X P O N E N T I A L  I !5/22X~2PE15.7r34Xr2PE15.7/  
4 5 0 X ~ 2 1 H  OEGREE OF E Q U A T I O N  = * I 3 1  

WR 1 TE 4 6r 3740 J 

3750 I F ( O P T 6  1 3 7 6 0 r 3 7 9 0 r  3800 
3760 W R i l E 1 6 ~ 3 7 7 0 1  
3770 F O R M A T I l 8 H  ERROR C O N D I T I O N  9 )  
3780 STOP 
3790 GO TO 4000 
3800 OPr6 = O P T 6  - A 
3810 GO TO 6000 
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. 1000 
4010 
402 0 
4030 
6040 
4050 
4060 
40 70 

IF ( O P T 3 )  4 0 1 0 ~ 4 0 4 0 . 4 O S O  
YR f TE ( 6. 4020 1 
FORMAT4 18H ERROR C O N D I T I O N  5) 
STOP 
GO 10 1012 
OPT3 = O P T 3  - 1 
Y R l T E t  6.4070) L A B E  
FORMAT( lH1.45X.36H AGE MEASUREMENT 8 Y  FOIL A C T I V A T I O N o / / 3 4 X *  OH OP 

I T  I O N  3. 10X. 8H L A B E L  =.8A6//) 
4080 W R I T E ( 6 . 2 0 8 0 )  
4090 X I  = X ( 1 )  
4100 X T  = X 4 2 1  
4110 X I 2  = X i 3 1  
4120 Y I  = Y f f l  
4130 V I 1  = Y ( 2 )  
4140 V I 2  = Y ( 3 )  
4150 I N T R P Z  = 0-0 
4160 i N T R Q 4  = 0.0 
4170 XNTR2 = 000 
4180 I N T R 4  = 0 - 0  
4190 C A L L  P A R A 1  X I .  Y 1. X T v Y  I l r X I 2 .  Y I  2 9 

4235 IFUD = I P O L  - 1 
4240 00 4410 I = 3wIFUD 
4250 XP = X t I - 2 )  
4260 XT = X t I - 1 )  
4270 XA = X 4 I I  
4280 XAA = X (  I+1)  
4290 YP = Y ( I - 2 )  
4300 Y T  = Y ( 1 - 1 )  
4310 YA = Y f  I )  
4320 YAA = Y ( I + l t  
4330 CALL P A R A i X P  YP XT YT 

P 1  AP P3 1 
4200 I N T R 2  = APL*XT*XT*XT /3-0 + A P Z * X T * X l / 2 - 0  + APP*XT 
4210 XNTR4 = A P t * X T * * 5 / 5 - 0  + A P 2 * X T * q / 4 - 0  + A P 3 * X T * * 3 / 3 - 0  
4220 W R I T E ( 6 . 2 1 4 0 )  X 4  l ) . Y I I ) . S T D t l )  
4230 WRITE(  6.2210) X( 2 8 .  Y t 2 1 S T D I 2 )  INTRZI I N T R 4  

XA YA, A B E F l  r A B E F 2  A 8 E F 3  1 
4340 C A L L  
4350 I N T R P Z  = t ( A B E F l + A A F T 1 ) / 6 - 0 ) * (  XA**3-X1**3) + 4 ( A B E F Z + A A F T Z ) / B o 0 1  

P A R A (  XT. Y T -  XA. YA XAA YAAv A A f  11 r A A F T 2  9 A A F T 3 )  

l*( XA*XA-XT*XT)+((ABEF3+AAFT3) / 2 0 0 j * ( X A - X 1 1  

I t X A * * + X T * * 4 1  + ( ( A B E F 3 + A A F T 3 1  /6.0) *( XA**3-XT**3 1 
4360 INTRP4 = 4 l A B E F l + A A F T 1 ~ / 1 0 ~ 0 ) * ( X A * * 5 - X J * * 5 ~  4 ( ( A B E F 2 + A A F T 2 ) / 8 - 0 1 *  

4370 I N T R Z  = I N T R P Z  + I N T R Z  
4380 XNTR4 = I N T A P 4  + I N T R 4  

4400 I N T R P 4  = 0 - 0  

4420 XP = X i I P O L - 2 )  
4430 XT = X ( I P 0 L - 1 )  
4440 XA = X (  IPOL 1 
4450 XAA = X (  I P O L + l )  
4460 YP = Y ( I P 0 L - 2 )  
4470 YT = Y 4  IPOL-1) 

4490 YAA = Y ( I P O L + 1 )  

4390 XNTRP2 0.0 

4410 W R I T E ( 6 . 2 2 1 0 )  X ( I I r Y ( I ) . S T D ( I ) r l N T R 2 r l N T R I  

4480 Y A  = Y ~ I P O L )  

4500 C A L L  P A R A ( X P . Y P . X T * Y T t X A r Y A * A 0 E F l * A B E F 2 * A B E F 3 )  
45 10 C A L L  PAR A I  X T  YT XA YA 9 XAA 9 Y AA. AAFT 1 r A AF 12 AAF T3 1 
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4 5 2 0  I N T H P 2  = ( ( A B f F l + A A F T l ) / 6 . O ) * ~ X A * + 3 - X T * * 3 J  + ( l A B E F 2 + A A F T 2 ) / 4 . 0 1  . * 
4530 I N T R P 4  = 4 ( A B E F 1 + A A F T L ) / 1 O I 0 ) * ( X A * * 5 - X T * * 5 )  + ( ( A 6 E F 2 + A A F T 2 1 / 8 0 0 ) +  

4540 I N T R Z  = I N T R P Z  + I N T R Z  
4550 I N T R 4  = I N T R P 4  + I N T R 4  

l * ( X A * X A - X T * X T  1+(  ( A R E F 3 + A A F T 3 )  / 2 . 0 ) * ( X A - X T )  

1 ( X A * * 4 - X T * * 4 )  + ( ( A B E F 3 + A A F T 3 )  /6.O) *( XA**3-XT**3 1 

4560 I N T R P Z  = 0-0 
4 5 7 0  I N T H P 4  = 0.0 
4580 WRITE ( 6 . 2 2 5 0 1  X I  IPOL~~YIIPOL~rSTD~IPOL)rINTR2rINTR4 
4590 P A R V l  = I N T R 2  
4600 PARV2 = I N T R 4  
4610 ASSIGN 4630 TO I C O N  
4620 GO TO 8000 
4630 I N T R 2  = I N T R 2  + I N T R P 2  
4640 XNTR4 = I N T R 4  + I N T R P 4  
4650 AGEP = I N T R 4 / (  6 ,0* INTR2) 
4660 WRITE( 6,2320) 
4 6 7 0  DO 4700 I L L K  = IPOL. IDATA 
4680 AQR = ALPHA*€XP(BETA*X4 I L L K )  I 
4690 POEV = ( 1 Y ( I L L K ) - A P R ) / S T D ( I L L K 1 ) * 1 0 0 , 0  
4 7 0 0  W R I T E  (6.2370) X (  I L L K ) r Y (  I L L K )  t S T D (  I C L K )  .APR,POEV 

4720 W R I T E I  6.4730) AGEPpAZEROrEXLENr  I N T R P 2  r I N T R P 4  
4730 FORMAT(43X.36H AGE COMPUTED BY P A R A B O L I C  O P T I O N  IS/ 45X12PEL5.7  

4710 E X t E N  = l .O/BETA 

I r l l H S Q U A R E  CNS.///ZOX, 8H AZERO 2 P E 1 5 - 7 r 2 0 X p 2 0 H  R E L A X A T I O N  LENG 
2 T H  = . 2 P E l S o 7 / / 1 5 X p 3 1 H  I N T E G R A L  1 OVER E X P O N E N T I A L  i S 1 2 0 X r  
3 3 1 H  I N T E G R A L  2 OVER E X P O N E N T I A L  fS /22X.2PE15.7  r 3 4 X v 2 P E 1 5 - 7 )  

4740 IFL OPT78 4 7 5 0 r 4 7 8 0 . 4 7 9 0  
4750 W R I T E I 6 r 4 7 6 0 1  
4760 FORMAT1 1 8 H  ERROR C O N D I T I O N  6 )  
4 7 7 0  STOP 
4780 GO TO l O i 2  
4 7 9 0  OPT7 = O P l 7 - 1  
4800 GO TO 7000 
5000 FARD = 0.0 
5010 F L U P  0 - 0  
5020 FLURG 0.0 
5030 FARD = X I  I P O L ) / ~ F L O A l ( I P O L - l 1 l  
5040 FLUP = FARO*FARD/12oO 
5050 CALL P O Y F L ( X v Y r  I P O L I ~ ~ A )  

C D I M E N S I O N  A t 2 0 J  
5060 FCURG = 2.0 * A t 3 1  * X I I P O L )  * F L U P  
5070 LARD = 0.0 
S O 8 0  ZLURG = 0.0 
5090 LARD = F L U P  

5110 ZLURG = 2,0* A ( 3 1  * X I I P O L ) * L A R D  
5120 ZUCH = F L U R G / T A A l  
5130 ZOOH = L L U R G l T R A 2  
5140 ERROR1 = SQRTl  ZUCH*LUCH+ZOOH*ZOOH) 

5100 CALL P O Y F Z ( X * Y 2 .  I P O L r 2 r A )  

5150 ERRR = { 1 , 0 / 6 o O J * (  l - O / S U M l ) * S Q R T I  ( Z L U R G ) + ~ Z + ( E R R E 2 ) * * 2 + (  ( 6 * 0 * A G E T )  
1 * * 2  ) * I  ( FLURG )+*2+1 INTRP2*ERREX )**24 1 /AGE T 

5160 DELAGE = AGET*ERRR*O-5 
5170 WRITE t 6.5180 ) 7 DELAGE 
5180 fORMAT(  l H 1 9 5 + X . 9 H  O P T f O N  5/ / /14X*31H F R A C J I O N A L  ERROR I N  I N T E G R A L  

ZUCHI ZOOH *ERROR1 .DAZ.DBET * ERREX rERRR2 9 ERRR 

11, 2 8 X e 3 1 H  F R A C T I O N A L  ERROR I N  I N T E G R A L  2 / 1 8 X . 2 3 H  OVER T R A P E Z O I D A L  
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. 2 R A N G E e 3 7 X 1 2 3 H  OVER T R A P E Z O I D A L  RANGE /23X.E13.7e45X.E13.7/38X. 
3 4 O H  F R A C T I O N A L  ERROR I N  CURVE I I N l E G R A T I Q N /  51x1 E 1 3 . 7 / / / 2 0 X *  
4 1 7 H  ERROR I N  AZERO = 1 E 1 3 . 7 * 3 0 X * l b H  ERROR I N  BETA = r E l 3 o 7 / / 1 4 X *  
5 3 1 H  F R A C T I O N A L  ERROR I N  I N T E G R A L  1*28X*31H F R A C T I O N A L  ERROR I N  I N T  
6EGRAL 2/ 1 8 X e  23H OVER EXPONENTIAL RANGE937Xq 23H OVER E X P O N E N T I A L  
7 RANGE/23X.E l3 -7 .45X*E l3 .7~ /38X*42H F R A C T I O N A L  ERROR I N  THE T O T A L  
8 I N T E G R A T I O N / 5 6 X ~ E l 3 o ~ / ~ / / 3 O X ~ 4 O H  ERROR I N  AGE is EOUAL T O  PLUS OR 
9 H I N U S  2PE13.5s 12H SQUARE CHS. 1 

5190 GO TO 3 0 0 0  
6000 KORD = O R 0  + 1 
6010 C A L L  POYFZ(  X t Y e  IPOL.KORD.ARB1) 

b 6020 WAP = A R B 1 I K O R D + l i  
4,030 LORD = 1 

6050 LORD = lORD*1KORO- I  1 
6060 FLORD = F L O A T t L O R D I  
6070 HEL = X (  I Q O L ) / F L O A T ( I P O L - l l  
6080 ORDP2 = OR542 
6090 O R D P l  = ORD + 1 
6100 HEL = HEL**ORDPZ 

6040 DO 6050 I = 1,ORD 

6110 ENY = 1-0 
6120 DO 6130 I = l r O R D P l  

6140 RERR = HEL*FLORD*X( I P O L J * U A P / I  (200**ORDI*ENY)  
6130 ENY = E N Y * ( F L O A T I I ) l  

6150 F S U l  = R E R R l I N T R L  
6160 RERRZ = RERK*X~IPOL)*X(IPOL)/FLOAT((KORD+L)*KORD) 
6170 F S U Z  = R E R R 2 / I N T R 4  
6180 E R F P 1  = S O R T ( f S U l * F S U l  + FSUZ*FSU2)  
6190 ERFPR = L0/600f*( l ~ O / H S U L ) * S Q R T l  IRERR2) * *2+(ERRE2lc*2+( (6oO*~A6E 

1)**2)*4 ( R E R R l * * 2 + (  I N T R P 2 * E R R E X ) * * 2 ) )  /HAG€ 
6200 OEHAGE = kAGE*O.S*ERFPR 
6210 
6220 F O R M A T ( l H l * 5 4 X * 9 H  O P T I O N  6///14X*31H F R A C T I O N A L  E R R O R  I N  INTEGRAL. 

l l . 2 8 X .  31H F R A C T I O N A L  ERROR I N  I N i E G R A L  2/19X*22H OVER P O L Y N O N I A L  

W R I T E 1  6 * 6 2 2 0 ) F S U 1  * F S U 2 r E R F P l *  DAZrDBET*ERREX*ERRR2*  ERFPRIDEHAGE 

2RANGE.35X*22H OVER POLYNOMIAL RANGE/ 2 3 X * E 1 3 , 7 * 4 5 X *  
3 E 1 3 , 7 / 3 8 X * 4 0 H  F R A C T I O N A L  ERROR I N  CURVE I INTEGRATION/51X.E13o I / / / /  
4 2 0 x 9  L 7 H  ERROR I N  AZERO = r E 1 3 o 7 * 3 0 X * 1 6 H  ERROR I N  BETA = r E 1 3 . 7 / / 1 4 X *  
5 3 1 H  F R A C J I O N A L  ERROR I N  INTEGRAL 1 * 2 8 X * 3 l H  F R A C T I O N A L  ERROR I N  I N T  
6EGRAL 2/ 1 8 X 1 2 3 H  OVER EXPONENTIAL R A N G E * 3 7 X + 2 3 H  OVER E X P O N E N T I A L  R 
7 A N G E / 2 3 X * E 1 3 - 7 *  4 5 X * E 1 3 . 7 / / 3 8 X * 4 2 H  F R A C T I O N A L  ERROR I N  THE T O T A L  I N  
BTEGRA~lON/S6X~E13.7////3OX~4OH ERROR I N  AGE IS EOUAL TO PLUS OR HI 
9NUS 3 2PE13.59 12H SQUARE CHS- 1 

6230 GO TO 4000 

7010 BLURC = 0.0 
7020 BARD =: X ( I P O t l / ( f L O A T ( I P O L - l l )  

7000 BARD = 0-0 
t 

7030 BLUP = B A R D * * 4 / 1 8 0 - 0  
7 0 4 0  CALL P O Y F Z 4 X * Y *  I P O L * Q r A )  

I 

7050 BLURG = BLUP*24,O*A( 5 ) * X (  IPOL J 
7060 CARD = 0.0 
7 0 7 0  CLURG = 0 - 0  
7 0 8 0  CARD = eLup 
7090 CALL P O Y F Z ( X I Y Z * I P O L I ~ . A I  
7100 CLURG = 24,0*AI  5J*CARD*X( I P O L )  
7 1 1 0  PUCH = B L U R G / P A R V l  
7120 POOH = CLURG/PARVZ 
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. 
7 1 3 0  ERROR3 = SORT( PUCH*PUCH + POOH*POOH) 
7140 ERRRP = ( l.O/b.O)*( l . O / I N T R 2 ) * S Q R T (  (CCURGJ**2+1ERRE2)*+2+t  I6,0*AGE 

7 1 5 0  DEAGEP = AGEP*ERRRP*0.50 
1 P ) * * 2 ) * (  I BLURG)*+2+(  iNTRP2*ERREX3**2)  1 /AGEP 

7160 
7170 FORMAT4 l H 1 1 5 4 X 1 9 H  O P T I O N  7 / / / 1 4 X 1 3 1 H  F R A C T I O N A L  ERROR IN I N T E G R A L  

WRI TE4 6 t  7170)  PUCHI POOHIERROR~IDAZ IO W T I  ERREX. ERRRZ TERRWP. OEAGEP 

I l r 2 8 X 1  3 1 H  F R A C T I O N A L  ERROR IN I N T E G R A L  2/15Xt30H OVER SMOOTHED PA 
2 R A B O L I C  RANGEt 3 1 X t  3 0 H  OVER SMOOTHED P A R A B O L I C  R A N G E / ~ ~ X I E L ~ ~ ~ ~ ~ ~ X .  
3 E 1 3 -  7 / 3 8 X t  4 O H  F R A C T I O N A L  ERROR I N  CURVE i I NTEGRATION/  51x1 E 1 3 - 7 / / /  
4 2 0 X 1 1 7 H  ERROR I N  AZERO = 1 E 1 3 0 7 1 3 0 X 1 1 6 H  ERROR I N  B E t A  = t E 1 3 . 7 / / 1 4 X ~  
5 3 1 H  FRACTIONAL ERROR I N  I N T E G R A L  l r 2 8 X 1 3 1 H  F R A C T I O N A L  ERROR I N  I N 1  
6EGRAL 2 /  1 8 X + 2 3 H  OVER E X P O N E N T I A L  RANGE 137X.23H OVER E X P O N E N T I A L  R 4 

7 A N G E / 2 3 X ~ E l 3 o 7 r 4 5 X t E l 3 o 7 / / 3 8 X 1 4 2 H  F R A C T I O N A L  ERROR I N  THE T O T A L  I N  
~ T E G R A T I O N / ~ ~ X I E ~ ~ ~ ~ / / / / ~ O X ~ ~ O H  ERROR I N  AGE IS EQUAL TO P L U S  OR H I  
9NUS ~ 2 P E 1 3 . 5 ~  1 2 H  SQUARE CHSo I 4 

7180 GO TO 1012 
8000 AZERO = 0.0 
8010 BETA = 0-0 
8015 GLOCK = 0.0 
8020 DO 8030 M = I P O L I I D A T A  
8025 WEIGHtM 1 = 1 o O E + 0 4 / 1 S T D ( M ) * S T D ( M t  1 
8030 GLOCK = GLOCK + WEIGH4M) 

8034 WEIGH1 M 1 = H E I G H ( M  )/GLOCK 

8045 82 = X ( I P O L ) * X ( I P O L )  

8032 DO 8034 H = I P O L I I D A T A  

8040 C A L L  W E X P F T ~ X ~ Y I W E I G H I X P O L ~ I D A T A ~ A Z E R O ~ ~ E T A I D A Z I D ~ E T ~  

8050 INTRPZ=(-AZERO/BETA J*EXP( 

8060 INTRPQ=AZERO*4-B2*EXP(BETA* 
l B E T A * X (  I P O L  1 1  

1 x (  I P O L  1 ) / B E T A + (  Z,O*EXP(8ETA*X( I P O L )  1 / 
2 B E J A * * 3 ) * I B E T A * X (  I P O L D - 1 - 0 ) )  

8070 ERREX = SORT1 ~ D A Z / A L E R O ~ * * 2 + ~ D E E T / 6 E l A ~ * * Z + ~ X ~ I P O L ) * 0 ~ E T 1 * * 2 ~  
8080 OELFN = ( D A Z * I N T R P 4 / A Z E R O I * * 2 + ( X (  IPOL)*INTRP4*DBkT)**2+(DBET*AZERO 

8090 ERRE2 = SORT(DELFN1 
8100 ERRR2 = E R R E 2 / I N T K P 4  

1 *EXP( BETA*X ( I P O L )  1 / I  BETA**3)  * (  2.0*6€ T A * 8 2 - 2 - 0 * X t  I P O L  1 1 ) **2 

8120 GO TO I C D M I  ( 2 2 8 0 1 3 6 4 0 t 4 6 3 0 )  
END 
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* §IEFTC FTES 

C F TEST PROGRAM 
C 

FUNCTION fTES(K+NEST*PE) 
DIMENSION F( 189 71 
IF(K-loEOoO1 GO TO 5 
C I A T A I I  F I  I t J )  9 i=irl8)rJ=i*?1/1~00. .667r05859~549. .528r~515t0506r -49 
19. -494.0490rr406r -404,0472 80469r0466r0463.r461 roes 8 s -  172 * 0133.- 122 
2. 1 17- o 1139 o 1 11 o 110. o 109 . 108,2*0 107 . 106. 2*0 104*2+0 103 *2 * -  102 00 
325. r020r r019r 0 0 1 8 ~ 7 * 0 0 1 7 ~ 7 * ~ ~ L 6 ~ 0 0 0 6 2 . 0 0 0 Q 6 ~ 0 0 0 4 4 ~ 2 * ~ 0 0 4 3 ~ 2 * ~ ~ 0 4 2 ~  
44*0004 1. 5*0004Ot 2* -0039.  o 0015. 0013 + 0012+3*00O11~9*~00L0~3*~~0099  
5 v 0000259 oGGOZt 0 G O O l 9 s  o 000: 8r 6* GOO??, e*- 00015 e *00 !300~  t ,00005 -QooO 
646. 0 0 0 0 0 4 4 ~ 2 * 0 0 0 0 ~ 4 3 9 3 * 0 0 O O ~ 4 2 ~ ~ 0 0 0 ~ 1 ~ 4 * 0 0 0 0 0 4 0 9 4 * 0 0 0 0 0 3 9 /  

GO TO 340 
5 IF(NES1oGT-120) GO TO 360 

I F ( P E o G T o O o 9 9 5 o 0 U o P E , L T , 0 , 5 0 )  GO TO 380 
10 00 30 I = 1.12 . 
20 IFtNESToEOoI8 GO TO 160 
30 CONTINUE 
40 I F t N E S T - L E o 1 5 )  GO TO 100 

60 IF(NEST-LEo30J GO TO 120 
70 IF(NEST.LE.40) GO TO 130 

50 IF(NESJoLEo201 GO TO 110 

80 IFINESToLE-60) GO TO 140 
90 I F ( N E S T o L E - 1 2 0 )  GO TO 150 

100 i = a3 

110 I = 14 

120 I = 15 

130 I = 16 

140 I = 17 

150 I = 18 

GO JO 160 

GO TO 160 

GO TO 160 

GO TO 160 

GO TO 160 

160 IF(PEoEOoOo50) GO TO 250 
170 IFtPEoLEoO-75) GO TO 260 
180 IF(PEoLEoO090) GO TO 270 
190 I F ~ P E o L E ~ 0 ~ 9 5 1  GO TO 280 
200 I F t P E o L E e O o 9 7 5 )  GO TO 290 
210 iF(PEoLEoOo99) GO TO 300 
220 IF(PE,tEoO0995~ GO TO 310 
230 W R I T E I  6. 390 1 
240 STOP 
2SO J = 1 

260 J = 2 

270 J = 3 

280 .I = 4 

290 J = 5 

GO TO 320 

GO TO 320 

613 TO 320 

GO TO 320 

GO TO 320 
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300 J = 6 

310 J = 7 

330 RETURN 

GO TO 320 

320 FTES f f I . 3 )  

340 W R I T E ( 6 r 3 5 0 )  
GO TO 385 

350 FORMAT( 36H ONLY ONE SIDED F TEST NU 1 = A ONLY 1 
360 W R I T E ( 6 . 3 7 0 1  

GO TO 385 
370 f O R M A T ( 3 4 H  NU 2 IS TOO LARGE N U  2 = 120 MAX.) 
380 WR I T E (  6.390 1 
385 STOP 
390 F O R M A T L 9 2 H  L E V E L  OF S I G N I F I C A N C E  OUT Of RANGE 0.50 L E S S  T H A N  OR E O  

l U A 1  TO P E  L E S S  THAN OR EQUAL TO ,995) 
END 
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. S I B F T C  WEXPFT 
. C  W€IGHTED E X P O N E N T I A L  F I T  PROGRAM 

SUBROUT I N  E 
DIHENSIONX( 1 0 0 ) r Y I  1OO1.W( 100) r H ( 1 0 0 )  
DOU BL E 

WEXPF 1 ( X Y t W rH N .ALPHA BETA .DAL 9 DBE T 1 

PR EC I S I ON ZUCK . ZAC K r ZO RP w A KE t AKK AH P . F A  RC 0 . A P P L E  
NAG = 0 
N=N 
M = M  
DO 11 K = M.N 
f F ( Y ( K ) ) 1 2 i l l r l l  

12 Y ( K 1  = A B S ( Y 4 K ) )  
N A G  = 1 

11 C O N T I N U E  

13 WRITE(6.6) 
I F ( N A G 1  13r60.13 

6 F O R f l A T t 7 7 H J N E G A T I V E  Y VALUES HAVE BEEN HADE P O S I T X V E  I N  C A l C l L A r I U  
1NS BEYOND 1HIS L I N E -  / / / I  

60 DO 130 I = t4.N 
H ( 1 1  = A L O C ( Y 4 X i I  

L U C K  = 0 - O D 0  
ZACK = 0-000 
ZORP = 0-000 
AKE = 0-000 
AKK = 0,000 

130 C O N T I N U E  

ARP = 0,000 

ZUCK = ZUCK + W ( 1 )  
ZACK = ZACK + X(  I ) * Y (  I 8  
ZORP = ZORP + HII)*W(IJ 
AKE = A K E  + X I I I * W ( I l  
AKK = AKK + W ( I ~ * X l I ~ * * 2  

10 ARP = ARP + X (  I)*H( I)*W(1 1 
FARGO = ZUCK*AKK - ZACK*AKE 
IF[ FARGO 1 30.209 30 

DO 10 I = HsN 

20 W R I T E  ( 6 r 6 1  
8 FORMAT( 30H D I V I S I O N  BY ZERO NO SOLUTION-  $ 

RETURN 

ALPHA = OEXP(APPCE4 
B E T A  = (ZUCK*ARP -LORP*AKE)/FARGO 
WRSO = 0.0 

30 APPLE = ( ZORQ*AKK -ZACK*ARP) /FARGO 

40 00 50  I = HeN 
50 YRSO = W l  I I*(  I A P P L E + B E l A * X I  I )  #-H( I )  )**2+ WRSO 
52  WRSO = WRSO/ZUCK 
61 DBET = S O R T ( Z U C K / F A R G O I * S O R T ( W ~ S O / f l O A ~ ( ~ - H ) I  
70 D A Z  * ALPHA*SQRT(AKK/FARGO)*SORT(WRSQ/FLOAT (N-HI 1 

RETURN 
EN 0 
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S I B F T C  PARA 

C Y = A l * X * * 2  + A 2 * X  + A 3  
SUBROUT I N €  P A R A (  X f r  Y l r X 2 9  Y 2 r X 3 r  Y 3 r A 1  r A 2  r A 3 J  

, 

DOUBL E P R E C I S I O N  XD1.XDZ. X D 3 r  YDAr YO2 r Y D 3  rOE T O 1  rDETD2 DETDV D E T N l l r  
1 DETN12r  OETN 1 9  D E T N 2  I r  DE T N 2 2 r  DE T N 2 r  DE T N 3 1  eOETN32 r OET N3 

X D 1  = X 1  
XD2 = X 2  
XD3 = X 3  
Y D 1  = Y 1  
YO2 = Y 2  
Y O 3  = Y 3  
DETDL = X D l * X D l * X D 2  + X D l * X D 3 * X D 3  + XDZ*XD2*XD3 
DETDZ = XD2*XO3*XD3 + X D l * X D l * X D 3  + XDA*XD2*XD2 
DETD = OETDl - DETDZ 
O E J N l l  = Y D l * X D 2  + YD2*XO3 + YD3*XD1 
D E T N l 2  = X D B Y O 3  + X D 3 * Y D l  + X D l * Y D Z  
D E T N l  = D E T N l l  - O E T N l 2  
A 1  = O E T N l / D E T D  
DETN21 = X D l * X D l * Y D 2  + Y D l * X 0 3 * X D 3  + XD2*XD2*YD3 
D E T h 2 2  = YO2*XO3*XD3 + Y D 3 * X D l * X D 1  + YDl *XDZ*XD2 
DETNZ = D E T N Z l  - D E J N 2 2  
A 2  = DETN2/DETD 
D E T N 3 1  = X D 1 * X D l * X D 2 * Y D 3  + X D i * Y 0 2 * X D 3 * X D 3  + Y D l * X 0 2 * X D 2 * X D 3  
DETN32 = YD l *XD2*XD3*XD3 + Y D 2 + X D l * X D l * X D 3  + Y 0 3 * X D I * X D 2 * X D 2  
DETN3 = D E T N 3 1  - D E T N 3 2  
A 3  = DETN3/DETD 
RETURN 
END 
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J I B F T C  WWAGE 
'G HOW KGE PROGRAM I N P U T S  AND OUTPUrS- 

SUBROUTINE HOWAGE 
1000 FORMAT( 1H1.2X. 134 l H * r 3 X ) r 1 2 H P R O G R A n - E L l I  r l 3 ( 3 X , l H * ) / / / 5 K i l O Y H A  PRO 

XGRAM FOR THE GOMPUTATION Of NEUTRON AGE FROM E X P E R I M E N T A L  A C T I V A J I  
XON D A T A -  SEVEN O P T I O N S  ARE A V A I L A B L E v J  

1002 F O R M A T 1 2 0 X * 2 7 H 1 -  T R A P E Z O I D A L  QUADRATUREe/2OX.57H2- POLYNOMIAL lt 
XAST-SOUARES F I T  A N 0  A N A L Y T I C  OUADRATUREe/ZOX.SlH3- AV€RAGED P A R A 6  
X O L I C  F I T  AND A N A L Y T I C  QUADRATURE,/2OX*97H9- CHOICE OF D I V I S I O N  PO 
XINT BETWEEN O P T I O N S  1.2. AND 3 QUADRATURES AND WEIGHTED E X P O N E N T I A  
X L  F I T o / Z O X . 3 5 H S -  ERROR O f  OPTION ONE OUADRATUREo/20X.35H6- ERROR 
X OF O P T I O N  TWO QUADRATURE-/20X.37H7- ERROR OF O P T I O N  THREE OUADRA 

1004 FORMAT( 54x1 12HINQUT-fORflAT/ /SXIbLHF I R S T  CARD BLANK (OTHERWISE T H I S  
X CODE O E S C R l P T I O N  IS P R I N T € D ) / 5 X s 9 0 H S f C O N D  CARD F O R H A T l 7 I l )  O P T f O N  
X S  I THRU 70 0 I F  O P T I O N  SK1PPED.L I F  O P T I O N  T O  BE EXECUTED-)  

lo06 fORMAT4SX.65HOPTION 1 = TRAPEZOIDAL OUADRATURE AND O P T I O N  5 ERROR 
K I N  O P T I O N  L . / S K ~ 7 6 H O P T [ O N  2 = LEAST-SQUARES A N A L Y T I C  QUADRATURE AN 
XD O P T I O N  6 ERROR I N  O P T I O N  2 - / 5 X ~ 7 2 H O P T I O N  3 = AVERAGED P A R A B O L I C  
XQUADRATURE AND O P T I O N  7 E R R O R  I N  O P T I O N  3 ~ / 5 X r S l t I O P T f O N  4 = CHOICE 

1008 F O R M A T ( S X s l 1 S H T H I R D  CARD FORWATfA6.4X.A6*4X.8A6) T Y P E  OF DATA. U N I  
XTS. AND LABEL, TYPE OF D A T A  = AS OR ASR**2 ACCORDING TO WHICH / 
X U . 1 1 2 H I S  READ IN-  UNITS f I N C H  I F  R I N  I N C H E S  OR S I X  BLANK SPAC 

XfURE,/// 8 

X OF D i V I S I O N  P O I N T  SEE LPOL BELOW,) 

XES I f  R I N  CHS, L A B E L  MAY BE ANY ALPHAMERIC SYMBOL, 1 
1010 FORMAT(5X.AlOHFOURTH CARD f O R M A T I I 8 r l Z X r F L O - 3 )  NO- OF D A l A  P O I N T S  

XAND LEVEL OF S I G N I F I C A N C E  BETWEEN I I I U C L U S X V E )  e50 A N 0  0995/ 
X S X + 9 2 H F I F T H  CARD E T C -  fORHAT13FlS.Q)  R. AS OR ASR**2. AND S I G M A ( A S  
X OR ASR**2D ACCORDING TO CARD 3,/ * 
XSX.6SHlAST CARD ( IF  O P T I O N  4 )  F O R M A T ( I 8 )  I N D E X  OF DIVISION P O I N T  4 
x IPOL 1 

1012 FORMATtSK.85HFOR MORE THAN ONE SET of DATA REPEAT SEOUENCE S T A R T I N  
XG W I T H  CARD TWO O f  INPUT-FORMAT-)  

W R f T E ( 6 . 1 0 0 0 1  
WRXTE(6.1002)  
WRITE(  6 e 1 0 0 4 )  
WRITE4 6r 10061 
W R I T E ( 6 . 1 0 0 8 )  
WRITE(6 , r  1010) 
W R I T E t 6 , 1 O L 2 1  
STOP 
END 
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SfBFTC POYFZ 
C POLYNOMIAL L E A S T  SQUARES FIT 

SUBROUTINE POYFZ (XIYINVMIAI 
DIHENS I O N  
COMMON IVOZEO 
IVOZEO = 0 
L S  = 2*M + 1 
L B = M + 2  
L V = M + l  

5 S U M ( J 1  = 0.0 
S U M ( 1 J  = N 

A (  20) ,B( 12 9 A31 9 S U M ( 2 A I  * V (  12 I r X  (1001 r Y (  100) 

DO 5 J = 2 r l S  

DO 6 J = l r L V  

00 16 i = 1.N 
P = 1.0 
V ( 1 J  = V I 1 1  + Y ( I )  
DO 13 J = 2,LV 
P = X t I ) * P  
S U M I J I  = S U H ( J I  + P 

13  V ( J )  = V ( J 1  + Y I I )  * P 

6 V ( J )  0 - 0  

DO 16 J = LB.LS 
P = X I 1 1  * P 

1 7  DO 20 I = l r L V  
16 SUM4 J I = S U M t J )  + P 

DO 20 K = 1. L V  
J = K + I  

20 B t K v I )  = S U H ( J - 1 )  

22 B I K I L B )  = V ( K t  
23 DO 3 1  L = 1.LV 

DO 22 K = - l r  L V  

O I V B  = 6tL.L) 
I F [ D I V B )  25, 42, 25 

25 DO 26 J = L r L B  
26 B ( L r J 1  = B ( L I J ) / O I V B  

I l = L + 1  
IF ( I l - L B L  2 8 9  33.33 

28  DO 3 1  I = I l r L V  
FMULTB = B ~ X I L )  
00 3 1  J = L 9 L B  

3 1  8 1 I r J )  = B L I r J )  - B(L ,J ) *FMULTB 
33 A I C V )  = B ILV .LB)  

I = L V  

DO 37 J = I 9 L V  
35 S I G M A  = 0.0 

37 S I G M A  = SIGMA + B ( I - l r J I * A ( J I  
I = I - A  
A4 1 )  = Bl I e L B )  - SIGMA 

40 I F I I - 1 )  4 1 ~ 4 1 9 3 5  
42 WRITE 16.431 

224 W R I T E  ( 6 r 2 2 5 1  OIVBIL 
225 FORMAT1 ElSr7rI6 

43 FORMAT(4SH D I V I S I O N  BY ZEROS OATA WILL NOT F I T  CURVE- 1 
IVOZEO = 1 

41 RETURN 
END 
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SAMPLE PROBLEM AND OUTPUT 

ADATA 

1110111 
A S  

30 .C5 
3 0 8 1  
5 0 0 8  
6 0 3 5  
7 0 6 2  
8 0 8 9  

1c.10 
1 1 . 4 3  
12070 
13.97 
1 5 0 2 4  
1 6 0 5 1  
17.79 
1 9 0 3 5  
2 0 0 3 2  
2 1 . 5 9  
22.86 
2 4 0 1 3  
25040 
26.67 
2 7 0 9 4  
29.21 
30.46 
31.75 
3 3 0 0 2  
3 4 0 2 9  
35.55 
3 6 0 8 3  
39.37 
4 0 0 6 4  
4 3 0 1 8  

T R I A L  RUN 
075 

21607.  
20174.  
17112.  
13479 

99700  
76830 
5 4 9 c .  
49030  
29710  
21500  
1 5 2 5 0  
1’184. 

8 8 7 0  
6 7 5 0  
5 0 1 0  
3 7 5 .  
2 9 c o  
2 1 5 0  
1780 
1360  
107. 

9 0 0 7  
6 5 0 3  
52.3 
34.2 
2 8 0 7  
2 3 0 2  
1 3 0 3  
1 1 0 2  
100s 

1600. 
2 6 0 0 0  
3400.  
4000 .  
4 9 0 0 0  
61cI0. 
5400.  
4 8 5 0 0  
5 8 5 0 0  
7 5 0 9 0  
6250 .  
5 6 0 0 .  
4800 .  
8 2 5 0 0  
7000. 
5200. 
29CO. 
5 1 5 0 .  
5650.  
6200. 
3 4 0 0 0  
1 8 5 0 0  
3 0 0 0 0  
4 4 0 0 .  
3300.  

1QC00. 
5 4 5 0 0  
3600 .  
5 8 0 0 0  
6 1 5 0 0  
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AGE MEASUREMENT BY FOIL ACTIVATION. 

OPTION 1 LABEL =TRIAL HUN 

R 

0. 
38.0999994E- 0 1 

5.0800000E-00 
63.49999956-01 
16.19999tlYE-01 
88.8999996E-01 

1.0160000E 01 
11.4299999E 00 
12.6999999E 00 
13.9699999E 00 
15.239999YE 00 **** 16.51OOOOOE 00 

R 

16.5LOOOOOE 00 
11.1800000E 00 
19.0500000E 00 

2.0320000E 01 
21.5899999E 00 
22.8599999E 00 
24.1299999E 00 
25.3999999E 00 
26.6699998E 00 
27.9399998E 00 
29.2090998E 00 

3.OC79999E 01  
31.15000COE 00 
33.0200000E 00 
34.2900000E 00 
35.549999lE 00 
36.8299999E 00 
39.3699999E 00 

4.0640OOOE 01 
43.1199998E 0 0  

2 
A R  

S 
0. 

3 1.3649364E 
52. Ob 18305E 
68.9998598E 
78.2650023E 
18.7950029E 
19.3082266E 
11.1240411E 
64.5643845E 
51.9823012E 
49.9353828E 
4 1.56 84643E 

2 
A R  

S 
41.5684643E 
31.4296021E 
32.1894512E 
21.8 7091 16E 
23.35301 73E 
19.5961345E 
16.8854494E 
13.8109396E 
12.6609422E 

I .  06 1 6 15 3 E 
91.2949762E 
84.26 3054 BE 
65.8264199E 
51.0237560E 

4.0212499E 
36.2111301t 
3 1.46% 138E 

2.0614958E 
18.4980211E 

2.0136733E 

ST. OEVIATIUN PARTIAL SUM 

23.2257595E 03 
OF INTEGRAL 1 

0 4  23.2257595E 0 3  39-8334684E 0 4  
04 61.0966381E 03 02.8094645E 0 4  

16-9663635E 05 0 4  13.1096496E 0 4  
0 4  23.2257595E 0 4  26-3196819E 05 
0 4  31.6128395E 0 4  36.2929921E 0 5  
0 4  62.961614lE 0 4  46-3325467E 05 
0 4  1.0548244E 05 55.9230952E 05 
04 18.2256419E 0 4  64.5714091E 05 
0 4  11.4169122E 05 72.3591242E 05 
04 11.4193196E 05 79.211896YE 05 
0 4  17.0362558E 05 85-0223904E 05 

0 4  
0 4  
0 4  
04 
0 4  
0 4  
0 4  
0 4  
04 
05 
0 3  
0 3  
03  
0 3  
0 4  
03  
03 
0 4  

EXPUNENTIAL REGION CALCULATIONS 

ST- DEVIATION APPRUX IMATION 

11.0362558E 
11.7031901E 
17.4193196E 
34.0644469E 
32.6289659E 
21.1 141385E 
16.8854494E 
33.2257390E 

4.0181821E 
48.399901kE 
29.0096185E 
11.1810618E 

3.0241875E 
41.9740963E 
38.801 5342E 
12.6 380241E 
13.9264631E 
55.199886lE 

05 
05 
05 
05 
0 5  
05 
0 5  
05 
O b  
05 

05 
Ob 
0 5  
05 
06 
05 
05 

05 

43-4382992E 
37.1244106E 
31.7282662E 
27-1164668t  
23.1150069E 
L9.8064494E 
16.9215221E 
14.4610558E 
12.3642260E 

9 - 0 3 1 0 9 6 l E  
17.1839895E 
65-9650602E 
56.37623435E 
48.1822968E 
4 1  -2298 169E 
35.1933851E 
25.7060034E 

I . 0 5 6 7 0 4 n ~  

0 4  
0 4  
0 4  
04 
0 4  
0 4  
0 4  
0 4  
0 4  
05 
0 4  
03 
0 3  
03 
0 3  
0 3  
0 3  
03 

0 3  95.1933540E 05 21.9695585E 03 
0 4  11.4667509E O b  16.0410378E 0 3  

AGE COMPUTE0 BY TRAPtiLOIOAL OPTION I S  

PARTIAL SUM 
UF INTEGRAL 2 

51-8226590E 05 
1 7 ~ 2 0 4 8 0 4 2 E  06 
43-4034158E 06 
89-9271468E 06 
15.832832BE 07 
24-9857059E 0 7  
36-1344132E 0 7  
48-697233 lE 0 7  
62-495144BE 0 7  
77-0156153E 0 7  
91.6053410E 07**** 

PERCENTAGE OEV. 

- 1-097562OE-00 
17- 239344 BE -02 
26.4754746E-02 
22-1475754E-02 
54-5559869E-03 

-71.1744928E-03 
-24-91b l461E-03 
-17.941397lE-02 

7 3 ~ 8 3 2 3 4 4 l E - 0 3  
1-0269524E-02 

33-9203219E-03 
41  - 1883388E-02 

-45.8239036E-04 
13.4846225E-03 
-2.0539902E-01 

-39.2362456E-03 
-5.0371291E-02 

-91-2375469E-03 
-36-239793BE-03 

35.6656866E-03 

45.3619805E OOSRJARE CMS. 

AZERO = 33.469163% 05 

INTEGRAL L ovEa EXPONENTIAL I S  
35.1230414E 05 

RELAXAIION LENGTH = -8.0851326E-00 

INTEGRAL 2 OVER EXPONHlTIAL 15 
23.5440016E 08 

OPTION 5 

FRACTIONAL ERROR I N  INTEGRAL I FRACTIONAL ERROR I N  INTEGRAL 2 
OVER TRAPEZOlOAL RANGE OVER rRAPEZOIOAL RANGt 

0.601Q156E- C2 0.3180092E-03 
FRACTIONAL ERROR I N  CURVE I INrfGRATIUN 

0.6028150E-02 

ERROR IN AZERO =0.1781116€ 06 tRROR I N  BETA =0.2161722E-02 

FRACTIONAL ERROR I N  INTEGRAL I 
OVER EXPONENTIAL RANGE 

0.6648313E-01 

FRACTIONAL ERROR I N  INTEGRAL 2 
OVER EXPONENTIAL RANGE 

0.675561bE-01 

FRACTIONAL ERROR I N  THE rOTAL INTEGRAT ION 
0.5254653E-01 

. 

ERROR IN AGE I S  EQUAL To PLUS OR MINUS LI.YIQ~~E-OL SQUARE CMS. 
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AGE MEASUREHENT BY FOIL A C T I V A T I O W .  

OPTION 2 LA8€L I T R I A L  RUN 

R 

0. 
0.3810000E 
0.5080000E 
0.b350000t 
0.762WOOE 
0.889oOCOE 
0.101bOOOE 
0.114MCOE 
0.12700oof 
0.1397OOOE 
0.15zIoOoE 
0.1bSlOOQ 

SIGMA1 SOUARCO 
* * * * *  

2 
A R  

5 
0. 

01 0.313M96E 06 
01 0.5206183E Ob 
0 1  0 .68999ht  06 
01 0.7826SMK Ob 
01 0.78795w)iE 06 
02 0.79MBZJE 06 
02 0.7172405E 06 
02 0.645643M 06 
02 0.579&!3OE 06 
02 0.499353SE 06 
02 0.415684bE 06 . . . *  l i  

0.1004194E 09 
EXPDNENTI AL 

STANCARO DEVIATION 

0.2322576E 05 
0-232257bE 05 
0.  b709664E 05 
0-1370965E 06 
0.2322576E Ob 
0-3161284t  06 
0-629b7b lE O b  
O-IOS4824E Ob 
0-7822565C O b  
0-1141691E 07 
O - l T t l P 3 2 E  07  
0- 1703626E 07 

& * S t + *  

REGION CALCULI1 1LWS 
LEVEL OF SIGNIFICANCE 

APPRIJXIMATIUN 

-0.633125OE 02 
0-3139110€ Ob 
0.52*40E 06 
C.C9+3553E M 
0-7781188E Ob 
0-8053607E 06 
0-7794863E 06 
0-7203117E 06 
0.6476909E W 
0.5751425E W 
0-5034831E 06 
0-4144527E 06 

+ . e .  
-0.75WE 00 

2 
R A R  ST- OEVIATIDN APPROXItlATION PERCENTALZ DEV. 

5 
16.5 1000GOE 
17.iBOOOOOE 
1 9 ~ 0 5 0 0 0 0 0 E  

2.0320000E 
2 1- 5 8999 99E 
22.8599999E 
24.1299999E 
25.3999999E 
26.6699998E 
27.9399998E 
29.2W9998E 

3.0479999E 
31.7500000~ 
33.02000WE 
34.2900000E 
35.5499997E 
36.8299999E 
39.3699999E 
4.o6IooooL 

43.1799998E 

00 

00 
ao 

01 
00 
00 
00 
00 
00 
w 
00 
01 
00 
00 
00 
00 
00 
OD 
01 
00 

41.56846436 04 
37.4296C21E 04 
32.189451ZE 04 
27.B70911bE 04 
23.3530173E 04 
19.5967%5E 04 
16-88544WE 04 
13.870939bE M 
12.M09422E M 

1.0616753E 05 
91.2949762E 0 3  
84-263054Bf 03  
65.8264799E 03 
57.0237560E 03 

4.0212499E 04 
3b.2711301E 03 
31.4696138E 03 

2.061*458€ ok 
18.498027lE 03 

2.01361336 OI 

17.0362558E 05 43.4382VPZf 
17.7031901E 05 37.I244106E 
17.41931'36C 05 31.1282bbZt 
34.06444bQf 05 27.1164baBt 
32.6289659E 05 2 3 -  1750069E 
27.1741385E 05 19-80b4494E 
16.8854494t 0 5  16.9275227E 
33.2257390E 05 14.4670558L 
4.0187821E 06 12.3642260E 

48.3999014E 05 1.056704BE 
29.0096185E 05 9.03109b1E 

3-0241875E 06 b5-9650602E 
47-P?#963E 05 56.3768435E 
38.80ISWZE 05 4 8 -  18229bBE 
1 2 . 0 3 B O Z l l E  06 41-2298IbpE 
73.9264b3IE 05 35.19338SlE 
55.79988676 05 25.7060034E 
95.7933540~ os ZL.9695585E 
11.4667509E 06 1b-0470378E 

17.18~ObIBE 05 77.1839895E 

AGE COMPUTED 8Y P O L V M M I U  OPTION IS 

45-&96127E OOSQIARE CMS. 

04 
04 
04 
04 
04 
04 
04 
04 
0 4  
05 
04 
0 3  
03 
0 3  
0 3  
03 
03 
03 
03 
03 

-1.09756ZOE--00 
17.23934+BE-02 
26.4754T4bE-02 
22.1475754E-02 
Sk-5559869E-03 - 77- 1744928E-03 

-24.9167161E-03 
-17.V413977E-02 

73-8323441E-03 
1 - 026952CE-02 

33.9203219E-03 
41.1883388E-02 - 4 5.82 3903- 01 
13.41346225f-03 

- 39.2362436€-03 
-5.037129lE-02 

-91.2375bbck-03 
-36.239793M-03 

3 5 - f i 4 5 b W - 0 3  

-2.0539902~-01 

PERCENTAGE 
DEVIATION 

27,25%035€-02 
-11.29WO59E-01 
-42.113521 bE-01 

41 16323 %E-01 
1 9 ~ 5 0 9 2 5 1 4 € - 0 1  

-55-0745358f-01 
21- 59206 3 w-01 

-43.53425986-02 
-26 lb8186S-02  

4.099b335E-01 
-23.7052703f-02 

72-31 01673E-03 
. . * + I  

A E R O  = 33.4691639E 05 RELAXATION LENGTH = -8.0857326E-00 

INTE6RAL 1 OVER EXPONENTIAL IS INTEGRAL 2 OVER EXPONENIIAL IS 
35.1230471E 05 23.544001bE 08 

DEGREE of EOUATION = 5 

OPTION 6 

FRACTIONAL ERRM I N  IMTEGRAL 1 FRACTIONU ERROR I N  INTEGRAL 2 
OVER PDLYNOMIU RAffiE WER PMYNCIMIM RANG€ 

0-Ml2392E-06 0.214326&-07 
F W T l O N A L  ERROR I N  CURVE I I N l E W U T I W  

0.3618745E46 

ERROR I N  AZERO =0.1781116€ 06 ERROR I N  BETA =0.216772H-02 

FRACTIONAL ERRDR I N  INTEGRAL 1 
OVER EXPONENTIAL R A S E  

0. b648373E-01 

FRACTIONAL ERROR 1N IWTE6RU 2 
OVER EXPONENTIM RAffiE 

0.6755616E-01 

FKACTIONAL ERROR I N  THE TOTAL IPrEGRATION 
0-  S246418E-0 1 
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A6E UEASUREUENT BY F O l L  ACTIVATION. 

LABEL =TRIAL RUN 

R 

0. 
38.0999994E-01 

5.0800000E-00 
63.4999995e-01 
76.1999989e-O 1 
88.8999996E-01 

l.Olb0000E 01 
11.4299999E 00 
12.6999995E 00 
13.9699999E 00 
15.2399999E 00 **** 16.5100000E 00 

R 

16.5IOOOOOE 00 
17.7800000E 00 
19.0500000E 00 

2.0320000E 0 1  
21.5899999E 00 
22.8599999E 00 
24.1299999E 00 
25.3999999E 00 
26.6699998E 00 
27.9399998E 00 
29.2099998E 00 

3.0479999E 0 1  
31.7500000E 00 
33.0200000E 00 
34.2900000E 00 
35.5499997E 00 
36.8299999E 00 
39.3699999E 00 

4.0640000E 0 1  
43.1799998E 00 

OPTlON 3 

2 
A R  
S 

31.3649364E 0 4  
52.0618305E 0 4  
68.9998598E 0 4  
78.2650023E 0 4  
78.7950029E 0 4  
79.3082266E 0 4  
71.7240477E 04 
64.5643845E 04 
57.9823012E 0 4  
49.9353828E 0 4  
41.5684643E 0 4  

0. 

2 
A R  

S 
41.5684643E 0 4  
37.4296021E 0 4  
32.1894512-c 0 4  
27.8709116E 0 4  
23.35301 73E 04 
19.5967345E 0 4  
16.8854494E 0 4  
13.8709396E 0 4  
12.6609422E 0 4  

1.0616753E 05 
91-2949762E 03 
B4.2630548E 03 
65.8264799E 03 
57.0237560E 0 3  

4.0212499E 0 4  
36.2711301E 0 3  
31.4696138E 03 

2.0614958E 04 
18.4980271E 03 

2.0136733E 0 4  

ST. DEVIATION PARTIAL SUU 
OF INTEGRAL 1 

23.2257595E 03 
23.2257595E 03 45.1170650E 04 
67.0966387E 03 98.0209846E 0 4  
13.7096496E 04 17.5500081E 05 
23.2257595E 0 4  26.98B1523E 0 5  
31.6128395E 0 4  37.0077753E 0 5  
62.9676147E 0 4  47.0902677E 05 

7.0548244E 05 56.7214184E 05 
78.2256479E 0 4  65.3704309E 05 
11.4169122E 05 73.1568403E 05 
17.4193196E 05 8.0019057E Ob 
17.0362558t 0 5  85.8088722E 0 5  

EXPONENTIAL RtGION CALCULATIONS 

Sl. DEVIATION APPROXIUAT ION 

17.0362558E 05 43.4382992E 0 4  
17.7031901E 05 37.1244106E 0 4  
17.4193196E 05 31.7282662E 0 4  
34.0644469E 0 5  27.1164668E 0 4  
32.6289659E 0 5  23.1750069E 0 4  
27.1741385t 0 5  19.8064494E 0 4  
lb.88544Y4E 05  16.9275227E 0 4  

AZERO = 33.4691639E 05 

INTEGRAL 1 OVER EXPONENTIAL IS 
35.1230474E 05 

~ ~~ 

33.2257390E 05 14.46 70558t  
4.0187821E 06 12.3642260E 

48.3999014E 0 5  1.0567048E 
29.009b185E 05 9 -0 3 1096 1E 

3.0241875E 06 b5.9650602E 
47.9740963E 05 56.3768435E 
38.8015342E 05 48.182296tIE 
12.6380247E O b  4 1 - 229b 16 9E 
73.926463IE 05 35.1933851E 
55.7998867E 0 5  25.70600 34E 
95.7933540E 05 21.9695585E 
11.4667509E Ob 16.0470378E 

17.1870618t 0 5  77.1839t195~ 

AGE COUPUIEO BY PARABOLIC CPTION I S  
45.0525631E OOSQUARE CUS. 

OPTION 7 

FRACTIONAL ERROR I N  INTEGRAL 1 
OVER SUOOTHEO PARABOLIC RANGE 

0.1607089E-03 

0 4  
0 4  
05 
0 4  
0 3  
03 
03 
03 
0 3  
03  
03 
03 
03 

PARTIAL SUU 
OF INTEGRAL 2 

36.9945121E 05 
14.4706715E Ob 

4.0140324E 0 7  
86.4896011E Ob 
15.4914529E 0 7  
24-6536996E 0 7  
3 5 -  8679900E 0 7  
48-4462638E 0 7  
62-2790976E 07 
76-8942471E 0 7  
91-4575701E 07**** 

PERCENTAGE OEV. 

-1 -0975620t -00  
17.2393448E-02 
26-4754746E-02 
22.1475754E-02 
54.5559869E-03 

-77-1744928E-03 
-24.9167461E-03 
-17.9413977E-02 

73.832344 1E-03 
1-0269524E-02 

33-9203219E-03 
41-1883388E-02 - I5 .8239036E-04 
13.4846225E-03 
-2.0539902E-01 - 39.23 62456E-03 
-5.0371291E-02 

-91.2375469E-03 
-36.2397938E-03 

35-66568bbE-03 

RELAXATION LENGTH = -8.0857326E-00 

INTEGRAL 2 OVER EXPONENTIAL IS 
23.5440016E 08 

FRACTIONAL ERROR I N  INTEGRAL 2 
OVER SUOOTHEO PARABOLIC RANGE 

0.1027274E-04 
FRACTIONAL ERROR I N  CURVE I INTEGRATION 

0.1610369E-03 

ERROR I N  AZERO =0.1781116E Ob 

FRACTIONAL ERROR I N  INTEGRAL 1 
OVER EXPONENTIAL RANGE 

0.6648373E-01 

ERROR I N  BETA -0.2167722E-02 

FRACTIONAL EHKOR I N  INTEGRAL 2 
OVER EXPONENTIAL RANGE 

0.6755616E-01 

FRACTIONAL ERROR I N  THE TOTAL INTEGRATION 
0.5234727E-01 

ERROR I N  AGE IS EQUAL T O  PLUS OR UlNUS 11.79189E-01 SQUARE CUS. 
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